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'3,.SIMPLIFIED MODEL FOR PREDICTION
OF NITROGEN BEHAVIOR IN LAND
TREATMENT OF WASTEWATER

H.M. Selim and I.K. Iskandar

INTRODUCTION Model development, computer program listing and
documentation and sensitivity analysis of model para-

In land treatment, nitrogen is almost always the fac- meters are included. Validation of the developed model
tor limiting the rate of wastewater application. Ex- will be the subject of a later report.
cessive nitrate nitrogen concentration in groundwater
is of great health concern due to its association with
infant methemoglobinemnia (blue baby syndrome) and THE MODEL
eutrophication of natural waters. Consideration of
land treatment as an alternative to advanced waste Modeling objectives
treatment has been hampered by the lack of scientific The objectives of developing a dynamic nitrogen
data on the fate of N that would allow efficient and model were to
cost-effective design of systems without incurring 1. Develop a computer model for N behavior to
health risks. simulate the physical, chemical and biological processes

The N behavior in land treatment is affected by in slow and rapid infiltration systems.
numerous physical, chemical and biological processes 2. Enable prediction of N03-N concentration in soil
and environmental conditions. Iskandar and Sel im (1978) solution and leachate with time and space.
evaluated existing models for prediction of N0 3-N in 3. Assist in estimating the application rate and
percolate water in land treatment. They concluded schedule of water and nitrogen to a land treatment Sys-
that several models developed to describe one or more tem.
processes in agricultural regimes can be adapted for 4. Improve land treatment management techniques
land treatment. However, existing large models being for better renovation of waste-vater and less detrimen-
used for prediction of N transformation and transport tal impact on the environment.
in agricultural land must be modified and simplified for 5. Point out the area(s) of research need, based on
use under land treatment conditions. The fact that nitro- model sensitivity analysis and availability of information
gen is applied in small amounts repeatedly (most often in the literature.
weekly) in land treatment, in contrast to normal agri-
cultural fertilizing practice, should produce significant Main features
differences in the nitrogen transformation processes. The main feature of the computer program is that
Also, the soils under land treatment are most often it is valid for uniform as well as multilayered or stratified
near or above field capacity so that the water flow pat- soil profiles. In addition, the program is flexible and is
tern as well as N transformation processes will vary sig- designed to incorporate the following (input) conditions
nificantly from those of an agricultural regime. as desired:

The objectives of this report are to describe a sim- 1. Rate of wastewater application.
plified model for prediction of nitrogen behavior in 2. Duration of wastewater application.
slow and rapid infiltration land treatment systems. 3. Depth of individual soil layers.



4. Concentration of ammonium and nitrate in the properties, and nitrogen transformation processes (ion
wastewater. exchange, nitrification and denitrification). A detailed

5. Wastewater application cycle, i.e. scheduling, flow chart of the model and description of all subrou-
6. Soil water properties and nitrogen transformation tines are presented in a later section.

mechanisms for individual soil layers.
7. Plant root distribution and growth in the soil. Water flow equations and boundary conditions
8. Rate of nitrogen uptake by plants. In order to describe the nitrogen transformation and
9. Evapotranspiration rate. transport in saturated-unsaturated soil profiles under
10. Initial distribution of water and nitrogen species transient flow conditions, the following water flow

in the soil profile. equation (Childs 1969) must be solved:

General description aOlat = (alaz) [K(h) ah/az] -aK(h)/az-A (z, 0)
Figure 1 shows a block diagram of the simplified

model presented in this report. The model is formed (1)
of two main submodels. The first is a water flow sub-
model which describes wastewater infiltration, water where
movement in the soil profile, and rate of plant uptake
of water with soil depth and time. The second is a 0 = soil water content (cm3 /cm3 )
nitrogen submodel which describes the transport and h = soil water pressure head (cm).
transformations of N species in the soil as well as nitro- K(h) = soil hydraulic conductivity (cm/h!
gen uptake by plants. The model also includes several A (z, 0) = rate of water extraction (cm-/h cm')
subroutines which account for initial and boundary t = time (h)
conditions, plant root distribution in the soil, soil water z = depth in the soil (cm).

Fiur 1 Dagamo te imliieNitrogen moeshwntewar and thitrogen Disbmodelso
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Equation 1 is commonly known as the h-form of the Bottom boundary conditions

water flow equation. This equation was chosen over At some depth L below the soil surface, three boun-
the diffusivity form (Selim 1978), since it allows not dary conditions may be encountered: 1) an impervious
only for saturated-unsaturated flow but it also allows barrier, 2) a soil profile extending to great depth, and
soil stratification or layering of the soil profile. In 3) a groundwater table.
solving eq 1, the left-hand term must be transformed
such that Impervious barrier

'his boundary condition is used when an impermeable
aG/at = (Maglh) (ahlat) = Cap (h) ahlat (2) layer (e.g. a heavy clay layer) is encountered at some

soil depth. Water flow across such a barrier is negligible.
where Cap (h) is the soil water capacity term (cm"1 ) The boundary condition for an impervious barrier may
which is determined using the appropriate soil water be expressed as
characteristic relationship (0 vs h).

In solving eq 1 for multilayered soil profiles, the soil -K(h) ah/az+K(h) = 0, at z = L. (5)
water hydraulic conductivity K(h) and the soil water
capacity Cap(h) must be provided for each soil layer. Soil profile extends to a great depth
In addition, the soil water initial and boundary con- In this case, the soil profile is regarded as a semi-
ditions must be specified. The initial condition is infinite medium. Thus, it is assumed that at great depth
dictated by the initial distribution of 0 or h in the soil the change in soil water suction is zero:
profile at some assumed (starting) time. The boundary
conditions at the soil surface and at some depth L below ahlaz = 0, z -* 00. (6)
the soil surface must be provided.

Such a boundary condition may be used if the soil pro-

Soil surface boundary conditions file is well-drained and of significant depth.
Two soil surface boundary conditions are normally

encountered under field conditions: 1) the water head Groundwater table
boundary condition and 2) the water flux boundary con- If a water table is encountered at some depth L in the

dition. soil profile, the water content 0 is maintained at satura-
tion 0, at all times. Therefore,

Water head boundary condition
This condition is used when water ponding, of some 0 = 0. z = L, t > O. (7)

height h above the soil surface, is encountered. The
height h m1v be r onsidered as a variable with time, i.e. Furthermore, the soil water suction or pressure head is
h(t), in order to allow for fluctuations during waste-
water application and rainfall: h=0 z=L, t 0 (8)

h = ha(t), at z = 0 (3) In addition to the above-mentioned boundary con-

ditions, other conditions are needed in order to de-
This boundary condition is also used when the soil scribe the water flow at the interface between soil layers

surface is under suction, i.e. the water content at the in multilayered or stratified soil profiles. For example,
surface is below saturation. In such case, h(t) is nega- we may consider a soil profile consisting of three soil
tive and is a measure of the soil water suction (nega- layers: I, II, and IIl. The length of each soil laver is

tive pressure) at the soil surface. indicated by LI, L2 , and L3 (see Fig. 2). The appro-

priate boundary conditions at the interface between
Water flux boundary condition two soil layers are (Selim 1978).

This condition is imposed when a constant or time-
dependent flux (or intensity) q(t) of wastewater (or hl =hll, z = L1 , t > 0, (9)
rainfall) is applied at the soil surface. It also allows for
evaporation between rainfall or irrigation events. This hll =hll, z = LL2, t O, (10)
condition can be written as

where hl, hlI and hl II are the pressure heads in layers
qlt) = - K(h) ahlaz+K(h), at z = 0 (4) i, II, and Ill, respectively. These boundary conditions
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cient KD (cm3/g) was used to describe the instantane-

SOIL SURFACE ous (reversible) ammonium release from exchange sites
T i to soil solution. The first-order kinetic rate coeffici-

Z i i . ... :.: .......................... ents associated with the nitrification and denitrifica-
tion processes were k1 and k2 (h" ), respectively.
The assumptions that these nitrogen transformation
processes follow first-order kinetic reaction were basedV on studies by McLaren (1970, 1971), Mehran and Tan-
i (1974), and Hagin and Amberger (1974).

LAYER i1 "Soil environmental conditions such as soil suction,
I aeration, temperature, organic matter content, and pH

have significant effects on the various nitrogen trans-
I formation mechanisms. In order to incorporate these

* LY factors, the rate coefficients were expressed (Selim et
LAYER I L al. 1976) as

kI = k. f, (11)

k2 = k2 f2, (12)

Figure 2. Schematic diagram
of a multilayered soil profile. where k-1 and k-2 are considered constants for each in-

dividual soil layer and f, and f2 are empirical functions
which describe the influence of the previously mentioned

are necessary in order to maintain the continuity of the environmental conditions on nitrification and denitri-
pressure head h at the boundary interfaces. fication, respectively.

The transport of NH 4 -N and N03 -N in the soil solu-
Nitrogen transformations and transport equations tion occurs as a result of molecular diffusion, mechanical

and boundary conditions dispersion, and convection or mass flow. Molecular dif-
In the development of this simplified model, three fusion results from the random thermal movement of

major approximations have been made. The first molecules, whereas mechanical dispersion results from
simplification is that the nitrification process was con- the velocity distribution of water in the soil pore space.
sidered as a single step, i.e. NH+ -* NO- rather than a For all soil layers, a single dispersion coefficient D is
two-step process (NH, -. NO- - NO-). Such an as- commonly used which combines mechanical dispersion
sumption is considered adequate, since NO 2 in most soils and diffusion. Therefore, the convective-dispersive
under neutral pH conditions is rapidly oxidized to NO3. equations governing NH4 -N and N03 -N transport may
The second major simplification is that the organic-N be expressed (Misra et al. 1974, Davidson et al. 1977,
phase was not incorporated in the model. It was as- and Selim and Iskandar 1978) as
sumed that the net change (over a short period of time)
in organic-N content is small and the rate of nitrogen a(OC)Ir = (a/az) (OD alc/az)-a(vC)/az
mineralization as well as immobilization are extremely
slow. The third simplification is that oxygen diffusion -0 k 1C-p aS/at-q NH4  (13)
in the soil profile was not incorporated. Therefore,
denitrification of nitrate in the soil was assumed to be a(OY)/at = (a/az) (OD aYlaz)-a(vY)laz
a function of the degree of soil water saturation only.

The nitrogen transformation processes considered +kC-0k 2Y-qNO 3  (14)
were: nitrification of NH* to NO-, denitrification of
NO-, and ion exchange of-N444 '(serFig. 3). The ion-
exchange process was assumed to be instantaneous, soil solution (pg/cm3)
whet eas nitrification and denitrification processes Y o=lcolution ofgN0 3)

were of the first-order kinetic type (Selim et al. 1976 Y = concentration of NO3 -N in
and Selim and Iskandar 1978). A distribution coeffi- soil solution (pg/cm 3 )

4



SWASTEWATERI NITROGEN i
N DENITRIFIED
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PLANT
UPTAKE

Figure 3. Schemamc diagram of the nitrogen transformation processes
considered in the nitrogen submodel.

D = solute dispersion coefficient R ac/at =D a2 C/az2 -(V/B) ac/az-k I C-(qNH4/O)
(cm 2 /h)

v = soil water flux (cm/h) (16)
S = amount of NH 4 in the exchange-

able phase per gram of soil where R is the retardation factor for ammonium ex-

(/g/g) change:
p = soil bulk density (g/cm 3)

k, and k2 = kinetic rate coefficients for R = 1 + pK O/8. (17a)
nitrfication and denitrification
(. " ). respectively and V is expressed as

qNH4 and qNO3 = ratrs of plant uptake of NH4 -N
and N0 3-N per unit soil vol-
ume (/jg/cm3 h), respectively.

Similarly, eq 14 after rearrangements yields the followingThe first two terms on the right-hand side of eq 13 equation for nitrate transport and transformations:

and 14 account for solute transport, and are usually

called the dispersion and mass flow terms, respectively.
The third and fourth terms of eq 13 account for nitri- aY/at = D 3' Y/az2-(V/O) aY/az+h IC-k 2 Y-(qN0310).
fication and ion exchange, respectively, of NH 4 -N.
Similarly, the third and fourth terms of eq 14 represent (18)
the nitrification and denitrification processes, respec-
tively. The ion exchange process governing NH4 -N It should be noted that in the case of multilayered
adsorption-desorption was assumed to be of the linear soil profiles, soil water and nitrogen transformation
Freundlich type, i.e. parameters (e.g. p, K(h), kh, k1 , k2 , etc.) must be pro-

vided for each individual soil layer.
S = KDC, or as/at = KD ac/at, (15) To solve the ammonium and nitrate transport and

transformation equations, eq 16 and 18, the initial and

where KD, commonly called the distribution coefficient boundary conditions must be specified. During waste-

(cm3 /g), represents the ratio between the amount of water application, the soil surface boundary conditions

NH4 -N adsorbed and its concentration in the soil solu- for eq 16 and 18, respectively, are:

tion.
Rearrangements of ea 13 and incorooration of eq vc = -OD ac/az+vC, z = 0, t < T, (19)

15 yield the following simplified equation for am-
monium transport and transformation: and

5



Ys=-ODa Y/az+v Y, z = 0, t < T, (20) Water and nitrogen uptake by plants
Plant uptake of water and nitrogen from the soil

where root zone is an important factor in the renovation of
wastewater applied to soil. Recent studies have shown

C. and Y, = NH4 -N and N0 3-N concentrations that in a slow infiltration land treatment system, a
in applied wastewater, respectively major portion of applied wastewater nitrogen (up to
(/pg N/ml) 70%) was taken up by plants (Iskandar et al. 1976).

v = q(t), flux or intensity of wastewater Therefore in modeling the fate of nitrogen in soil, it is
application (cm/h) important to incorporate a plant uptake model that

T = duration of wastewater application provides accurate predictions of the rate of plant uptake
(h). during the growing season. However, as Nye and Tinker

(1977) pointed out, the major difficulties in modeling
The above equations, eq 19 and 20, are commonly of plant uptake are the lack of quantitative measurements

called the dispersive-convective boundary conditions on the root development and distribution as well as the
which can also be applied to describe rainfall events. ;naccuracy of soil physical measurements.
In such a case, the intensity and duration of rainfall At present there are two approaches for modeling
(v and T) must be specified and C, and Ys in rainwater plant root uptake of water and nutrients in soils: 1)
may be considered zero. a "microscopic" approach where the water and nutrient

Following the termination of a wastewater applica- flux to a single root is considered (Nye and Marriot
tion or rainfall event (t > T), the surface boundary con- 1969, Claassen and Barber 1976), and 2) a "macro-
ditions become scopic" approach where the root system as a whole is

considered (Molz and Remson 1970, Davidson et al.
aC/Iaz = 0, z = 0, t > T (21) 1977, Selim and Iskandar 1978). In this simplified

model the macroscopic approach is used to describe the

and water as well as the nitrogen uptake by plant roots. The
extraction or sink term A (z, 0) for water uptake (eq 1)

a Y/az = o, z=0,t> T (22) is represented as

Furthermore, the boundary condition at the bottom z
of the soil profile (z = L) is A (z, 0) = T R(z) K(h)/ R(z) K(h) dz (27)

aC/az = 0, z = L, t > 0 (23) where Z is the maximum depth of the root zone in the

soil (cm) and T the evapotranspiration rate per unit areaaYfaz = 0, z = L, t ; 0 (24) of soil surface (cm/h). The term R(z) is the root dis-
tribution as a function of depth in the soil profile. Spe-

In addition, the boundary conditions at the boundary cifically the root distribution R(z) is the length of roots
interface between two soil layers (see Fig. 2) may be (cm) as a function of soil depth and time. Equation 27
written as was proposed by Molz and Remson (1970) and was

C I = Cll and Y, = YII z = L 1, t > 0 (25) successfully used in predicting the water uptake when
the evapotranspiration rate T was met. Such conditions
are satisfied when high soil water contents (low suctions)

C11 = CI, and YII = Yl1 I, z = L I +L 2, t > 0 are maintained in the soil root zone, such as in land

treatment-slow infiltration systems.

(26) The terms qNH4 and qNo3 in eq 16 and 18 accunt
for the rate of uptake of NH 4-N and N0 3-N, respec-

where the subscripts I, II, and III refer to the first, se- tively. Here the Michaelis-Menten approach was used
-ond. and third soil layers, respectively. Similar to to determine the rate of N uptake as a function of
the equations for water flow, eq 25 and 25 above root density and concentration of ammonium and ni-
are needed in order to maintain the continuity of trate in the soil solution. Therefore the rate of N up-
NH 4 -N and N0 3-N concentrations at the boundary take may be expressed as:

interface.

6



qNH4 = Irna C/[Km+(C+Y)] (28) NH 4 -N transport and transformation (eq 16) may be
expressed as

qNO3 = max Y/I[Km+(C+Y)J (29)
"-i I+l -C Ic~ l =  "yD t[ '-2C r'+l+C.11lI

In eq 28 and 29, /max is the maximum rate of N
uptake per unit root length (pg/h cm) when the con- +D [C 1-2C'+ C - 1 I
centration of nitrogen in the soil solution is extremely
high, and the term Km is the Michaelis constant (pg/ml) -(VIO) n+l "i 'n+l
which is the concentration of N at Y/ I.. Both /max 1 1 1 1

and Km are determined by measuring N uptake in -Atki Cn-At (qNH4/0) n  (31)
solution cultures having different nitrogen concentra-
tions (Oaassen and Barber 1976). In this model the
values of /max and Km were considered similar for both and the finite difference approximation for N0 3-N (eq
ammonium and nitrate uptake*. 18) is

Method of model solution Yi +1 -Yi = 7D [ Ynl -2iYni+1 +yYi ]'
The water and nitrogen equations (eq 1, 16 and 18)

are nonlinear partial differential equations and cannot
be solved analytically. Therefore, these equations, sub- +',D [Y 1-2Yi +Y 1 I
ject to the above described initial and boundary condi-
tions, were solved using numerical analysis techniques. -(V/O)n4' 1 yV 4

The method of solution %--as by explicit-implicit finite
difference approximation tnenrici 1962, Varga 1962,
and Carnahan et al. 1969). 1 nis meu od WdJ U"CSb- +At k1 Cn-At k2 Yr-AT (qN03/O). (32)
fully used by Selim (1978) for transient water and

solute movement in multilayered soil profiles. Finite Equations 30, 31, and 32 are nonlinear since Cap
difference approximations provide distributions of (hn+ l ) and K(h n+/ 112 ) are dependent on h9+l/ 2 for which

soil water content, water suction, NH 4 -N and N0 3 -N solutions are being sought. The iteration method de-
concentrations at incremental distances Az in the soil scribed by Remson et al. (1971) is usually used to pre-
profile, and discrete time steps At. In finite difference dict h n 1 2 usingh n . Selim and Kirkham (1973) showed
form, a variable such as h is expressed as h n = h(z, t) that solution of the water flow equation can be approxi-
= h(iAz, nAt) where i = 1, 2, 3, ..., /, and n = 1, 2, ... mated satisfactorily using hn when smaller values of
Therefore, the finite difference approximation for the At than required for stable solution are used. This
water flow equation (eq 1) is simplifies the computation considerably since the sys-

tem of equations becomes linear. Accordingly, the
Cap (h+ 112 ) [hn+l _hnI = 7K(hn+l/ 2 ) iln+lil approximations, K(h+/112 ) = K(hn) and Cap (h + I/ 2 )

A Kl i Cap (hP), were made.
2 +1 +l Incorporation of initial and boundary conditions ir

t~i~ -"i-1 I their finite difference forms and rearrangement of eq
30, 31, and 32 yield three linear systems of equations.

+7 K(h 2 ) [hi I-hnI Rearranging the finite difference form of water flow
equation (eq 30) yields

-y K(hi-%/) [hi-h n- I

d n+ + n hn+l- +gn hn 1  (33)
- MK1 I2) +K(hnll2 ) -At A nP 30

(30) where d9 = -,y K(hn

where -t At/2(Az) 2 and ( = At/Az. Similarly, finite ICap (hI)+y [K(h 1 2 )+K(hnI/2 ).1

difference approximations for the equation governing g9 = --f K(hl

w9=Cap (h9) hn4-y K(hP.1 )h.
-[K(hnll2)*K(h",.I/2)] hn

*S.A. Barber, Department nf Agronomy, Purdue University, h
personal communication 1979. ",y K(hn+l/2) h,+,
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[K(h"+./ 2 )+K(hn/ 2 ) -AtA". more parameters prove to be more significant compared

to other model parameters, such two or more parameters
By including the initial and boundary conditions in are investigated simultaneously for a range of values.
their finite difference forms, eq 33 can be written in For the model presented here a complete sensitivity
matrix-vector notation as analysis was not attempted since a large number of

model parameters were involved. Therefore, it was

Bh = (34) decided to study only selected parameters which were
chosen for sensitivity analysis. These parameters are

where B is a tridiagonal real matrix and 9 and v denote 1 ) the rate of nitrification (k1 ), 2) the distribution
the associated real column vectors (the arrows indicate coefficient (KD) for NH4-N ion-exchange, and 3) rate
vectors). The matrix B may be written as of plant uptake (max). The influence of different

nitrogen transformation parameters for individual soil
- layers and the rate of denitrification were not investi-

e' g1  gated. Moreover, soil water properties, schedule of
d e 2 gn wastewater application and NH 4 -N and N0 3-N con-

centrations in the wastewater remained unchanged for
d 9 e g all cases studied.

. . . The simultaneous transport, transformation, and
B- plant uptake of nitrogen and water were simulated using

the model presented here. Input soil and water para-
1_-1 e in 1nl meters, initial and boundary conditions, etc., were

dn el (35) similar to those of the CRREL research experimental
facilities. Wastewater was assumed to contain 25 /g/ml

The coefficients of the main diagonal of the matrix B, of NH 4 -N and zero nitrate content. The schedule of
in absolute values, are greater than the raw sum of the application was 0.5 or I week and the total amount of

off-diagonal coefficients. Hence, the matrix B is strict- wastewater applied was 5 cm per each application. The
ly diagonally dominant (Varga 1962, p. 23). Therefore soil parameters chosen were for a Windsor sandy loam

the matrix is nonsingular, and there exists a solution soil having three distinct soil layers. Chemical charac-

hn+l for the matrix vector equation (eq 34) that is teristics of this soil are presented elsewhere (Iskandar

unique. The tridiagonal system of equations was solved et al. 1979, Iskandar and Nakano 1978). The total

by an adaptation of the Gaussian algorithm as described length of the soil profile was assumed to be 1 50 cm and

by Henrici (1962, p. 352). The second and third sys- the thicknesses of the first, second and third layers were

Lems of eq 31 and 32 for NH 4 -N and N0 3 -N transport 15, 30 and 105 cm, respectively. A water table (zero
and transformation, respectively, were solved similarly. water pressure head) was assumed at the bottom (1 50

It is obvious from eq 16 and 18 that nitrogen trans- cm depth) of the soil profile. The soil water properties
port is dependent on 0 and v, both of which are variable for each soil layer were described by the following
under transient flow conditions. Thus, in order to de- mathematical expressions:

scribe nitrogen transport for transient conditions, the

water flow equation (eq 1) must be solved prior to the 0(h) = 0s/1 +(-h/a)b 1 (36)
nitrogen transformation and transport equatirns. There-
fore, for any time step, n+l, where all variables are K(O) = 7 exp (00). (37)
assumed to be known at time step n, eq 30, 31, and 32
are solved sequentially until a desired time t is reached. The parameters for each soil layer were obtained by

"best fit" of experimental data (Iskandar and Nakano
1978). The values of a and b were 100 and 1 for the

MODEL SENSITIVITY first layer, 40 and I for the second layer, and 30 and
I for the third layer, respectively. The values for para-

In order to provide a complete sensitivity analysis meters 17 and a were 9.6x 10 4 and 27.63 for the first
of model parameters, it is essential to investigate each layer, 2.2x 10' and 30.7 for the second layer, and 2.1

parameter separately. This is usually achieved by first x 10 -4 and 38.87 for the third layer, respectively. The
studying the influence of each parameter on model values for water content at saturation 0s were 0.44,
results for a wide range of values, with all other para- 0.42 and 0.34 (cm 3/cm 3 ) for the first, second and
meters remaining unchanged. Second, when two or third layers, respectively. Furthermore, the values for
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soil bulk density p were 1.41 for the first layer, 1.59
for the second layer, and 1.55 g/cm3 for the third layer. Soil-Water Su6 on (cm)

0 20 40 60 so 100
Several nitrogen transformation rate coefficientsI II I I II

and uptake rates were chosen in order to illustrate the [ X zI
significance of these processes on the fate of wastewater L 2
nitrogen in land treatment systems. The rate of nitri- 20 - -
fication k ranged from 0.025 to 0.5 h- whereas k 2

was maintained constant at 0.01 h"'. For the nitrifica- 40- Initial
tion kinetic reaction, the function f! (eq 1) which de- 40
scribes the dependence of the reaction on soil environ- -

mental conditions remained unchanged and was ex- 2 60
pressed as a function of pressure head (Hagin and Am- C
berger 1974):

~j80
0 h > -10 cm U,
0.005 (-h-10) h > -50 cm

f = (0.2+0.006 (-h-40) h > -100cm 100

40.5+0.0015 (-h-1 00) h > -433 cm
1.0-0.002 (-h-433) h < -433 cm.

120
The denitrification function f2 (eq 12) was considered
as a function of the degree of water saturation in the 140
soil:

f 2 
= 0 for (0/0.) < 0.8

f2 = (0-0.8 0s)/0.1 0, for 0.8 0/o s < 0.9 Figure 4. Simulated soil water suction distributions
fin a Windsor soil for one week following applica-

S frtion of 5 cm of wastewter

where 0s is soil water content at saturation (cm3 /cm3 ). the soil are presented in Figures 4, 5 and 6 for one week
Furthermore, the value of the coefficient KD for the following the application of 5 cm of wastewater. In
ammonium exchange ranged from 0.05 to 1.5 cm 3 /g. this case the rate coefficients for nitrification k-1 were
All these parameters, for the cases shown here, were taken as 0.1 h 1 and KD as 0.25 cm3 /g. Following the
similar for all three soil layers. application of 5 cm of wastewater, which contained

The root distribution R(z) used in the sensitivity 25 ppm of NH4 -N, we see that NH4 -N concentration
analysis was in the form of an exponential expression: in the soil solution decreased drastically with time. This

disappearance of NH4-N was due to its conversion to
R(z) = 226 exp (-0.1 z) N03 -N through nitrification and to uptake by plants.

The N0 3-N distributions shown in Figure 6 show that
This exponential function provides a sharp decrease of the maximum peak concentration occurred on day 1.
the root distribution (or density) with soil depth z. In This is primarily due to the initial N0 3-N in the soil
this case, 77.8% of the roots were actually observed to profile. Furthermore, the initial peak, which was located
be in the top 15 cm, 17.2% in the 15- to 30-cm soil at the 15-cm depth, penetrated to a depth of 35 cm
depth and only 5% of the roots in the 30- to 60-cm soil during the first day. Downward movements of the
depth. This mathematical expression for root distribu- nitrate peak to lower soil depths continued with time
tion was obtained from field measurements of root at a decreasing rate. This slow movement of nitrate
length with depth (Iskandar unpublished data 1979). in the soil profile was due to the continuing decrease
It represents a two-year-old mixture of reed canary- of soil water flow during water redistribution, i.e.
grass and tall fescue grass irrigated with 5 cm of waste- following the infiltration of applied wastewater. Mean-
water weekly. Furthermore, a value of 1.0 ppm for while, the nitrate concentration of the leachate (z = 150
the Michaelis constant Km was chosen for all cases cm) continued to increase with time.
presented here. Values of /Max ranged from 0.0005 Figure 7 shows the cumulative nitrogen uptake by
to 0.0015 pg N/h cm of roots, plants with time during weekly application of waste-

In order to illustrate the capabilities of this model, water. Simulated results show that NH 4 -N uptake was
simulated water content and nitrogen distributions in much greater than that for N0 3-N at all times. This

9
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Figure &. Simulated concentration distributions of Figure 9. Simulated concentration distributions ot
NO3-N in the soil profile where weekly application N03 -N in the soil profile where weekly opplication
of 5 cm of wastewater was maintained. Model of 5 cm of wastewater was maintoined. Modelparameters were-k 1 = 0. 025 h, K = 0 .25 cm3 /g parameters were k1 = 0.05 h" , KD = .25 c 3 /g

and I mox = 0.0O1 pg N/h cm. andI ma = 0.001 Uiq N/h cm.

is due to the low concentration of N0 3-N in the top a., the rate of nitrification increased.
portion of the soil profile for an extended period of Figutre 13 shows the effect of changing the rate of
time. In contrast, the NH 4-N remained at shallow soil nitrification on the total amounts of NH 4-N and
depth due to ion-exchange which resulted in higher NO3-N in the soil profile during weekly wastewater ap-
NH 4-N uptake. It should be noted that in the simu- plication. These simulated results were obtained by in-
lation, 77.8% of plant roots were in the top 1 5 cm of tegrating the nitrogen concentration profiles shown in
the soil profile. Figures 8-12. As expected, as the rate of NH4-N con-

Figures 8-12 show the influence of changing the version to NO3 -N increased, the total amount of NH 4-N
nitrification rate coefficients k-1 on the nitrate distribu- in the soil profile decreased and the total amount of
tion in the soil profile during weekly application of NO3-N in the soil profile increased. It should also be
wastewater. In the cases considered, the values of k1  emphasized here that the relationship between N in
range from 0.025 to 0.5 h'l , whereas KD and Imax re- the soil profile and kl (Fig. 13) is a nonlinear one. This
mained constant (KD = 0.25 cm3/g and/max, = 0.001 is clearly shown by the leveling of the curves for k1

pg-N/h cm). The simulated results show that as the greater than 0.2 h"1 . Such leveling of the curves indi-
rate of nitrification increased, the maximum peak cot,- cates that, for the cases considered, the influence of
centration also increased at the end of the weekly k1 on the fate of nitrogen is negligible for k1 > 0.2 h"1 .

wastewater applications. These increases in peak con- Therefore, it is expected that beyond such k1 values,
centrations were obviously due to the imposed increase other factors which affect the amount of NH 4-N in the
in faster conversion of NH 4-N to NO3 -N in the soil. soil profile (such as the rate of N uptake, the ion-ex-
Furthermore, maximum peak concentrations were locate change of NH 4 -N, and the amount of weekly waste-
at shallower soil depths ask increased. The location water applied) will influence the N 3 -N in the soil pro-

of the peak closer to the soil surface coincides with that file. For example, if the amount of weekly wastewater

for NH 4 -N. The simulated results also show that the were 50 rather than 25 ppm, it would be reasonable to
rate of nitrification directly influences the effluent con- expect that the leveling will be at a higher sd value

centration (at z =150cm). As expected, the effluent than 0.2 h 1 . The opposite would bere for a reduced

N 3 -N concentration (at any particular time) increased rate of plant uptake.
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Figure 14. Simulated concentration distributions of Figure 15. Simulated concentration distributions o*
NO 3-N in the soil profile where weekly application NO3-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model of 5 cm of wastewater was maintained. Model
parameters were K, = . 1 h-1, KD = 0.05 cm3 /g parameters were K, = 0. 1 h-', KD = 0.5 cm 3/g
and lI max = 0.001 pg N/h cm. and IMOx = 0.001 fig N/h cm.

The influence ot a range ot KD values on the fate Imax values. Differences in concentration distributions
of wastewater nitrogen is shown in Figures 14-16. The are clearly shown in the upper portion of the soil pro-
K D values considered ranged from 0.05 to 1.5 cm3 /g file. For Ima" = 0.0015 Jg N/h cm, plant uptake resulted
which simulates a wide range of soils having different in considerable depletion of the N03 -N in the root zone
cation exchange capacities. The k_1 and /max values (0-30 cm). In contrast, considerable amounts of N0 3-N
remained constant (k- = 0.1 h 1 and /rnx = 0.001 remained in the top soil profile for the case Imax
pg-N/cm h) for these cases. For small values of K, 0.0005 pg-N/h cm. The cumulative nitrogen uptake pat-
(Fig. 14), the nitrate concentration profiles showed a terns for different values (Fig. 19) show that for /max
rapid movement in the soil profile. Such rapid nitrate 0.005 the uptake with time was linear. Such a linear
leaching is a direct result of low NH 4 -N retardation in relationship indicates a constant rate of nitrogen up-
the soil profile. In contrast, for larger KD values (Fig. take with time. For this case, the maximum rate of
15 and 16), the retardation of NH 4 -N to transport in nitrogen uptake was met, indicating an abundance of
the soil profile was greater, resulting in slower move- nitrogen in the soil root zone at all times. However,
ment of N0 3-N in the soil profile. This slow move- for large values of /m x the amount of nitrogen in the
ment of nitrate nitrogen is illustrated by the location root zone was limited as indicated by the nonlinear up-
of the peaks at shallow soil depths as well as higher take patterns for Imax of 0.001 and 0.0015 pg-N/h cm.
peak concentrations. Immediately following each weekly application, the

The effect of rax, the maximum rate of N uptake, simulated results also show a rapid increase in the nitro-
on the fate of nitrogen in the soil profile as well as the gen uptake as a result of the newly added nitrogen in
cumulative N uptake are shown in Figures 17-19. Here the wastewater. However, three to four days after ap-
the range of /m,, was from 0.005 to 0,0015 /g-N/h cm plication of wastewater, when the nitrogen concentra-
of root length. All other parameters were constant: tion in the root zone becomes small, the rate of up-
k-1 =0.1 h- 1 and KD = 0.25 cm3 /g. As expected, for take decreases drastically with time. This change of the
small values of /I,, (Fig. 1 7), the N03 -N distributions rate of uptake with time is clearly illustrated in Figure
show significantly higher concentrations than for large 19 by the sudden increase followed by a leveling of the
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Figure 16. Simulated concentration distributions of
N0 3 -N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model Figure 17. Simulated concentration distribution of
parameters were k=0. 1 h-, 1KD 1. 5 cm 3/g Nu 7-N in the soil profile where k , =0.1 h', KD=
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Figure 18 Simulated concentration distribution of
NO3 -N In the soilprofile where K3 0. 1 h-1, KD=

.25cm3 /g andlI max = 0.0015 pg N/h cm.
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wastewater. Obviously maximum nitrogen uptake was applied every 3.5 days, i.e. twice weekly. This rate is
not met for the cases with /Max~ of 0.001 and 0.0015 twice the application rate considered in previous cases
ug N/h cm where only a 5.cmn wastewater application was main-

Figures 20 and 21 snow the influence of the dmounts tained every week. Figure 21 is for a different case

and scheduling of wastewater application on nitrate dis where 10 cm of wastewater is applied in one application

tributions in the soil profile. Fisture 20 shows N0 3-N every week. All other parameters, for the purpose of
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Ftiure 22 Simulated concentration distributions of Figure 23 Cumulative N uptahe with time where weekly
N0 3-N in the soil profile where weekly application application of 5 cm of wastewater was maintained for a
ofe5cm of wastewater was maintained. Model period of 9 weeks. Dashed line is for a case where 5 cm
parameters were the same as those used for Figure of water (or simulated rainfall), rather than wastewtiter,
10. was applied on the fifth w teek (day 28).

comparison, are the same as those used for Figure 10. for the time of simulation considered. This was not
Com ar n 2f Figures 10 and 20 thows that increasing surprising since the top portion of the soil profile con-

the schedule of application to 5 cm week, rather tamed very little N0 3-N at the end of the fourth week.
than one week, resulted in more leaching of the nitrate As a result, the effect of the simulated rainfall event on
nitrogen from the soil profile. In addition, peak con- the fifth week was in limiting the amount of N uptake

centrations were at lower soil depths when the waste- during that time. This is clearly illustrated in Figure 23,
water was applied twice weekly. Comparison of Fig- where after the fifth weeinl the cumulative N uptake was

ures 20 and 21 shows that the total N0 3-N in the soil approximately 125 kg N/ha higher for the case where

was applied once every week than for 5 cm every !- weekly wastewater was maintained. Moreover, there
week. Increased total N0 3-N in the soil profile (shown was a leveling of N uptake during the fifth week for
in Fig. 21) was probably due to increased depth of the case where 5 cm ot water (or rainall) was applied

penetration of N0 3-N in the soil for the 10 cmpweek on day 28. This difference in the cumulative N uptake

application rate. between the two cases is equivalent to the total amount

Fhe influence of raintall events on N0 3-N distribu- ot N applied in one wa~tewater application. These
tions in the soil profile is shown in Figures 22 and 23. results, therefore, further support the concept that inter-
Here, we compare a case where 5 cm of wastewater is mittent rainfall, for the cases studied, directly influences
applied weekly for a total period of 9 weeks to another the plant uptake rather than N0 3-N distriboition in the
case where in the fifth week (day 28) 5 cm of water or soil profile. If, however, considerable amounts of
simulated rainfall containing no N0 3-N or NH 4 -N is N0 3 -N are present in the upper portion of the soil pro-

applied. Figure 22 shows that the results of N0 3-N file prior to application of water or simulated rainfall,

distributions in the soil for the two cases were identical profiles of N0 3-N vs soil depth different from that
shown in Figure 22 would be obtained.
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DESCRIPTION OF THE COMPUTER PROGRAM 7. This record contains the soil bulk density
(g/cm 3 ) and saturated water content (cm3 /cm3 )

The computer program that we developed to pre- for each soil layer:
dict the water and nitrogen transport, transformation, ROUI Pl, bulk density of the first soil layer
and uptake by plants in the soil profile in land treat- THSI = (0s)t, saturated water content of the
ment systems is written in FORTRAN language and first soil layer
consists of a SOURCE (or MAIN) program, 10 sub- ROU2 = P2, bulk density of the second soil
routine programs, three FUNCTION programs, and an layer
input data section. The names of the subroutines are I HS2 = (0s)2, saturated water content of the
IDIST, IDIST2, ROOTS, INDIDZ, WATER, WPROP, second soil layer
AMONIA, NITRAT, OUTPUT and TRIDM. The names ROU3 P3, bulk density o7 the third soil layer
of the function programs are ZZ1, ZZ2, and ZZ3. In THS3 (0) 3, saturated soil water content of
addition, the program uses subroutine QSF which is a the third soil layer.
standard integration subroutine available from the IBM 8. This record contains the nitrogen parameters
System 360 Scientific Subroutine Package (1970). This for the first soil layers:
subroutine is on file in the CRREL computer system. REX] = (KD)l, ammonium distribution co-

efficient (cm3/g) for the first soil layer.

Input data section RNIT1 = (k1 )1, nitrification rate coefficient
Unless otherwise stated, the format for the input (h=i ) for the first soil layer.

data is 8F10.3 (see FORMAT 100 in the SOURCE RDNIT1 = (k2 ),, denitrification rate coefficient
program). The input data which must be provided by (h1 ) for the first soil layer.
the user are as follows: 9. This record is similar to the one above except

1. The first record (card) of the data set contains: for the second soil layer.
DTT = initial approximation of At 10. This record is similar to the one above except
DZZ = initial approximation of Az (cm) for the third soil layer,

2. The second record of the data set contains: 11. This record contains:
SFLUX = flux v of wastewater application TINF = T, duration (h) of wastewater (or rain-
(cm/h) fall) application
ET evapotranspiration rate T (cm/h) TCYC = duration of wastewater cycle in hours
QM /max of the Michaelis-Menten equation NCYC = number of cycles desired.
for nitrogen uptake (pg/h cm of root length) 12. This record contains:
QK = Michaelis constant Km (pg/ml) TWRITL = time (h) ai which output data are
CSNH 4 = concentration of NIH4-N in the requested.

wastewater C, (pg-N/ml)
CSNO 3 = concentration ol N0 3-N in the waste- Source program
water Y. (pg-N/mI) The main functions of the SOURCE (or main) pro-
DISP = solute dispersion coefficient D (cm-/h) gram are prescribing the DIMENSION statements,

3. The third record of the input data set contains: reading the input data, and setting up the entire sequence
CL = total length (cm) of the soil profile L of the program. A detailed flow chart of the SOURCE

CLI = soil depth (cm) to the first soil layer program is shown in Figure 24.
L I (see lig. 1) The DIMENSION statements are intioduced in COM-

CL2 = soil depth (cm) to the second soil layer MON blocks and are labeled LI to 1.18. The array si,e
L1 +L2 (see Fig. '). of most variables is set to he 310. This array size may

4. The fourth record contains soil water parameters be changed by the u'-er depending on the depth of the
for the firs, soil layer (see Sensitivily Analysis). soil profile (L) as well as the incremental distances Az.
The format used here is EIO.4, 61-10.5 (see The source program also reads the input parameters
FORMAT 500 in SOURCE program): and provides the output for these parameters.
ACJ : 7of eq 37 The following variables are used in the source pro-
BCI a of eq 37 gram:
ATI = a of eq 36 C NH4 -N concentration of soil solu-
BrI = b of eq 36 tion C (pg-N/ml), dimension = NPl.

5. This record is similar to the one above except Y NOI-N concentration in soil solu-
for the second soil layer. tion Y (pg-N/ml), dimension - NPI.

6. This record is similar to the one above except 1-1 soil water pressure head h (cm),
for the third soil layer. dimension NPI,
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TH = soil water content 0 (cm3 /cm 3 ), In this subroutine each variable is treated separately.
dimension = NP1. In addition the number of data points, locations and

CON = soil water hydraulic conductivity values of each variable must be supplied in the main
K(0) (cm/h), dimension = NP1. program.

CAP = soil water capacity Cap (h) (cm "1 ),
dimension = NP1. Subroutine ROOTS

RD IST = root density distribution R(z) (cm), This subroutine is labeled the " Root Distribution
dimension = NX Program" in the program listing. The subroutine pro-

AA, BB, CC, R = dummy variables which are used vides the root distribution in the soil profile. This root
in solving the matrix-vector equa- distribution can be expressed as a function of time as
tions for water, NH4 -N, and NO3  well as soil depth in the profile. This is provided as a
-N, dimension = N mathematical expression. In the example below, an

XXX = soil depths (cm) for which initial exponential decay function of root length with soil
distributions are provided, dimen- depth is used for all times. If desired, the user can ex-
sion = NIN press the root distribution as a function of soil depth as

Cl = initial distribution of pressure head well as time.
(cm) dimension = NIN

C2 = initial distribution of water content Subroutine INDTDZ
(cm 3 /cm 3) dimension = NIN This subroutine is labeled the "Program for Adjusting

C3 = initial distribution of NH4 -N, Zone of Infiltration" in the program listing. The sub-
(,g-N/ml) dimension = NIN routine may be used only if the water flux in the soil

C4 = initial distribution of NO3-N, profile is extremely small. In such a case it is reasonable
(Mg-N/ml), dimension = NIN. to be mainly concerned with the top portion of the

soil profile during the initial stages of wastewater ap-
Subroutine IDIST plication or rainfall. Such an assumption is applicable

This subroutine is labeled the "Initial Distribution if water redistribution continues for several days with
Program" in the program listing (Appendix A). This no new wastewater application or rainfall. In this pro-
subroutine uses the initial input distributions, i.e. initial gram an initial length of 30 cm (root zone) is assumed

conditions, at any number of soil depths. In order to (N = 30) in the main program. This length is automati-
calculate the pressure head, water content, NH 4 -N and cally increased during wastewater application. At the
N0 3-N concentration distributions at incremental dis- termination of infiltration the total length of the pro-
tances DT (CM) for the entire soil profile the calcula- file is incorporated.
tions are carried out by linear interpolation using the It is important to emphasize here that the use of
input data points, such a subroutine is not essential. However, its use

In this subroutine it is not necessary to provide initial saves a considerable amount of computer time especially
water content distributions corresponding to the soil during simulation of infiltration when DT is smallest.
suction for the various soil depths (in input data). Con- If this feature is not desirable, the user may ignore it
version from suction or pressure head to water content by replacing N = 30 by N = CL/DZ+0.01 in the main

is carried out in subroutine WPROP. However, the program and deleting all call INDTDZ statements.
user must provide some value (zero is recommended)
for all input data points. Subroutine WATER

It should be emphasized here that, if input data for This subroutine is labeled the "Water Flow Pro-
pressure heads, NH 4-4, etc., are not provided for the gram " in the program listing. The subroutine provides
same soil locations (depths), the user must use subrou- the solution for the water flow equation for a homo-
tine IDIST2. geneous or a layered soil profile. The method of solu-

tion is based on the finite difference approximations
Subroutine IDIST2 discussed previously. The bottom boundary condi-

This subroutine is labeled the "Initial Distribution tion is incorporated in the solution and is applicable

Program Number 2" in the program listing. This sub- for a water table boundary or a semi-infinite (i.e.
routine is similar to subroutine IDIST except that it deep) soil profile. The surface boundary condition

allows the calculation of initial distribution regardless (flux type) is provided from main program.
of locations (soil depths) at which measurements are
provided. Therefore, this subroutine must be used if Subroutine WPROP

initial distributions of all variables (pressure head, NH 4  This subroutine is labeled the "Soil-Water Properties

-H, etc.) are not available at common soil depths. Program" in the program listing. The subroutine
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provides the soil-water properties for each soil layer in Subroutine TRIDM
the soil profile, namely the hydraulic conductivity as This subroutine is labeled the "Tridiagonal Matrix
a function of water content or suction and the water Program" in the program listing. The subroutine pro-
content-suction relationship. From the latter, the vides the solution of a tridiagonal matrix-vector equa-
water capacity term is calculated. In this example (see tion (see text). This subroutine is utilized by subroutine
Sensitivity Analysis) mathematical expressions are used WATER, AMONIA, and NITRAT at every time step
to describe these relationships. This subroutine is DT.
called by subroutine WATER for every time step.
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APPENDIX A: PROGRAM LISTING

C C
CA S I KFL I FI ED MO D EL FOBR PR hD IC TI1ON C

C C
C O F N I T RoG 8N B E hA VI I 8 1N L A ND C
C C
C T RE A T E NT O F W ASTE1 WA T ER C
C C

C C
C TdE PURPOSE OF THIS MODEL IS TO PREDICT THE BEHAVIOR OF THE
C AMtiCNIUM AND NITRATE NITROGEN SPECIES IN THE SOIL IN LAND TREATMENT C
C SYSTEMS.. THE PbOGRAM IS BASED ON THE SOLUTION OF THE TRANSIENT C
C WATER FLOW E ,OATION SIMULTANEOUSLY AiTti TJE EQUATICNS DESCRIBING C
C THlE TRANSPOR~T , 7RhNSFORMAlICNS, AND UPTAKE OF NITbCGEN BY PLANTS. C
C C

C A IA IN F EAT U RES: C

C PROFILES. Ib ADDITICN, ThE PrO,;PAM IS FLEXIBLE AND IS DESIGNED TH OE SVLDFHUFR SdL SMLIAEE OLC
C TO INCORPFORATE THlE FOLLOWING (INPUT) CONDITIONS AS DESIRED ;C
C 1. PATE OF WAST6 WATLE APPLICATION C
C 2. DURATIGN CF WKSTZ %ATER APPLICATIC4 C
C 3. DLPTza OF INDIVIDUAL SOIL LAYERS C
C '4. CONCENTRATION OF AMMONIUM AND NI'IaATE iN THE C
C WASTE WATER C
C 5. WASTE 4ATER APPLICATION CYCLE, I.E. SCHEDULING C
C 6. SOIL WATER PhOPERTIES AND NITROGEN TRANSFORMATION C
C nECHANIS4S FOE INDTVIDUAL SOIL LkYERS C

L 7. PLANT LOOT DISTIBUWTION ASD ;RU'JTu IN IHE SOIL C
C a. RATE CF NITROGEN UPTAKE BY PLANTS C
C 9. FVAPOTRANSPIRAIION RATE
C 10. INITIAL DISTRIBUTION OF 4ATEE ANr NITROGEN C
C SPECIES IN ThE SOIL PROFILE C

C
COMMCN/Ll/ C(310i),'(310)
COI.MON/L2/ A A(310),3(310) CC (310) T?(310) RDIST(.310)
CO'iMON/LJ/ N.N'I1,NP.2.NE1,NP2
COMMNON/L4/ ALPiHA,IJETA,DT,DZ
CC?MCN/L5/ sxNX1,NpmA1(,CcN1
CO.Imuu/16/ FLNiI4,iLNO3,DNITld'
COIION/L7/ SFLUX,ET,(.)M,. K,CSN'i4,CSNO3,DISP,XL
CO' NCN/L6i/ XIXX(30) ,C1 (30) ,C2 (30) ,C3 (30) ,L.4(30) ,NINi
COMtICN/Lq/ 7 4 !E,TINk.TCYC

ClOlfiON/L11 LLC2L1L
COMMON/L 12/ ACl1 *001 AT 1 ,R 1
COMMCN/,13/ AL2,DC2,AT2,bT2
COMMON/L14/ AC3,LC3,Al3,2T3
CUIMIN/Ll5/ RoUl. LIZ1,et)t2,TS2,ROU?,TdS3

LOdM".N/Ll7/ 2LAiENlT2,RLNIT2
COINON/L18/ R t.13,EN IT 3,RDN IT 3

10) F0'7MAT(di?1J.J)
101 FORMA'r(5X,lINIZIAL DT, Hia =',FlO.3/,5X,'INiIIAL DZ Cn=',F1.5//)
200 FCRMAT(2fl0.5,L3)

300 FORP AI 12i4)
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600 FORMAT(10E12.4)
500 FORMATWEO.4,6710.5)
105 FORMAT(51.#FLUI OF WASTE WATER APPLICATION, CM/ HR =§,F1O.5/,

*5XIEVAPOTRANSPIBATION PATE, CR/HR =*,FIO.5/,
SSX,'NITROG.EN UPTAKE RATE, 4ICROGRAM-N/CM OF BOOT LENGTH PER HOUR',
so ',F10.5/,
*5X,INICiIAELIS CONSTANT =',F1O.5/,
S5X,ICONCENTRATION OF APPLIED NH4-N M G/L.ITRE =',FIO.5/,
*5X,ICONCENT~dATION Of APPLIED N03-N , G/LITRE =',F10.5/,
S5X1SOLOTE DISPERSION COEFFICIENT, CM**2/IR =,F1O.5/)

110 FORMAT(51,TOIAL LENGTH Of SOIL PROFILE, CR =O,F10.5/,
*5X,OSOIL DEP~d TC Tilt FIRST SOIL LAYER, CR =9,F10.5/,
35X,ISOZL DEP'TH TO THE SECOND SOIL LAYER, CH =*,F1O.5/)

115 FOERRAT(5X,'SOIL WATER PARAMETERS FOR THE FIRST LITER :8,'4E15.4)
120 FORMAT(5X,fSCIL WATER PARAMETERS FOR TilE SECOND LAYER :1,4E15.4)
125 FORNAT(5X,1S0IL WATER PARAMETERS FOR THlE ThIRD LAYER :1,4E15.l)
130 FORI ATOXS,

*'FIRST LAYER ; BULK DENSITY =v,F1O.5,10X,#SATURATION =',F1O.S/,

*'SECOND LAYER ; BULK DZNSITY =0,F1O.5,1OX,'SATURATION =',FIO.5/,
*5x,
*'TdIHD LAYER ; BULK DENSITY =1,F1O.5,10X,'SATURATION =*FIO.5/,
*5X1

135 FORMAT(5X,'FlRST LAYER:1,1OX,$Nh4-N EXCHANGEABLE CCEFCIENT, CR3/
*GMi =,F19.5/,26X,#NIRIFICATION RATE COSF.,HR-1 =',F10.5/,26X,
*'DiENITRIFICATION RATE COEF., HR-i =$,E10.5)

140 FCFRAT(5X,ISECCND LAYER4,1OX*'N5H4-N FXCHANGEABLE CCEFFICIENT, C43/
*GM =9,F1O.5/,26X,1NITRIFICATION RATE COEF.,HR-1 =',F10.5/,26X,
*SDENITEIFICATION RATE CCEF., HR-i =*,F10.5)

145 FOHMAT(5X,1T13i.D LAYEfi:1,1OX,1N'4-N EXCHANGEABLE CCEFF1IENT, CN3/
*GM =',F1J.5/,26X,'NlTRIFICATION RATE COEF.,HR-1 =#,E1O.5/,261,
*IDENITRIPICATiON RATE COEF., HR-i =1,F10.5)

150 FORMAT(5X,#D1RATIOh OF WASTE WATER APPLICATION , HhS =',Fl0.5/.5X,
*ISCHEDIJLE Of WASTE WATER APPLICATION, I.E. CYCLE DUbATION '

$F1O.5/,5X.'NUM3EB OF CYCLES =0,13/)
155 FORH9AT(5X,1TIRE AT WHICH OUTPUT DATA IS REQUESTED,HR =I,F1O.5/)
160 FORMAT(125,'I N P U T D A T A',///)
165 FORMAT('1')

WRITE (6, 160)
REAV;(5,100) DTT,DZZ
WRITEJ6., 101) DIT,DZ?
RkAD(5, 100) SFLUX,FPT.%RCK,CSN,CSO,DISP
WRITE(6,105) SELUX,7T,I,,K,SN4,CSNO3,EISP
READ(5,100) CL,CL1,CL2
WFITE(6,11O) LL,CLI,CL;4
RPM) (5,500) AC1,ilC1,AT1,BI1
6PITE (6, 115) AC1.BC1vA'11,UT1
READ(5,500) AC2,BC2,Ai2,PT2
WI(ITL(a,120) AL2,ibC2,AT;,bT2
EEAD (5,500) ACJ,BC3,AT3,0' J
ARITE(b,1;5) AC3,8C3.AI3,1vr3
Rd.AD(5,100) POTI 1, TlS 1, ROU ,TH52,RUU3, IHS 3
mRITt(b, 133) tU 1,THSl, P0U2,THS2,ROU3,TtlS 3
RFAZ (5, 130) FEX1,1iNIT1,RDNLT1

bE A U(5, 100) R1eX2,aNIT2,RD341T2
4FrTE(t,1J40) RLX2,FNIT2,RCNIT2
r, kk a (), 100) RF.X3,RN113,BDA'1T3
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WRITZ (6,1453 3EX3,BNIT3, RDNIT3
READ(5,200) IINF,TCYC,NCYC
WHITE (6, 150) TINF,TCYC,NMCY
RIAD(5,100) IVBITE
WBITE (6, 155) TURITE

C
PLN03-0.0
PLNH4=0. 0
DNITRF=0.0

C
DT=DTI
DZ=DZZ
WFLX=SFLUI

C
NIKUTMR.LTE.O. 10
N=CL/DZ+0. 10
Ll=CLI/DZ..10
L2=CL2/DZ*0. 10
NM 1 N-i
N142=tI-2

NP2=N+2
C

ICL=CLDZ,0. 10
ICL=ICL+ 1

C
C
c READ NUMBER (INTEGER) OF DATA POINTS FOA WdICH INITIAL DISTIOUTIONS

*C APE PRCVIDED
C READ(5,320) NIN
C 'READ SOIL DEPTHS FOR TNITLAL DISTRIBUTION

c READ(5,10O) (XXX(I),I=1,NINj
C REAL~ PltESSIRE HEADI FOR INITIAL DISTRIBUTION

*C LEAD(5,100) 4C1(I),..zi,NIN)
C PEAD JA7ER CONIT2NT FCH INITIAL DISTRIMJTION (IF AVAILABLE)
C BEAD(5,100) (C2 I),I=l,NIN)
C REA3 NLL4-N CONCEN, FOR INITIAL DISTFILU'IION
C RFAD(5,1JC) (C3(I).4.~1.NIN)
C READ N03-N4 CONCEN, FOR INITIAL flISIRDUTION
C READ(5,100) 1C4(I),I=1,NIN)
C
C CALL IDIST
C
C
C
C IF A-L VABIABLES ( I.E. PRESSURE HEAD, NH4-N CONC. ETC.) ARE NOT
c AVILAELE AT CCM5CN SOIL DEPTHS, SUBROUTINE IDIST2 lIUST BE USED.
C READ NUML3ER OF DATA POINIS FOR PRESSURE HEADS

IiEAL(5,30C) NIN
C DEAC SOIL DEETH ILOCAIONS) FOR PRESSURE HEADS

hEAD (5,100) (XXX(1) ,I=1,NIN)
C FEAZ PRESSUiL HEAD FUR COEFRESPORDING DEPTHS

CALL IDISTi
DO 11 I=1,Nrl1

L rEAD NUMBER UF DATA POINTS FoIr WATER CONTENT (IF AVAILABLE)
RfAn(5,300) NIN
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C READ SOIL DEPTH (LOCAlICNS) FOR WATER CONTENT
READ(5,100) (XX(I),1=l,NIN)

C READ WATER CONTENT FOR CORRESPONDING DEPTHS
BEAD(5,100) (Ci (i),11i,NN)
CALL IDIST2
D0 12 11l,N'1

12 TH (1) =R (1)
C READ NUMBER OF DATA POINTS FOR NH44-N CONCENTRATION

BEAD(S,300) NIN
C READ SOIL DEPTH (LOCATIONS) FOR NHL4-N CONCENTRATION

READ (5,100) (XXI(1) ,I=1,.NIN)
C HERD Nh4s-N CONCtN. FOB CORRESPONDING DEPTHS

CALL IDIST2
DO 13 I=1.NE1

413 C (I) =R (I)
C READ NUMB3ER OF DATA POINTS FOR N03-N CONCENTRATION

READ (5, 30C) NIH
C READ SOIL DEPTHi (LOCAIIONS) FOR N03-N CONCENTRATION

HEAD(5,100) (XXX(I),I=1.NIN)
C READ N0J3-N CONCEN. FOR COURESPONDIN'G DEPTHS

CALL 101ST2
DO 14 I=1,NP1

14 Y(1) =R(I)
C

CALL ROOTS
CALL WPiiOP
CALL CUTFUT
WhIE (,165)

T13E=0.0
XTINF=TINP
DO -01) IJKL=1,NCYC
TINF=TPIZXTINF
DT=DT-,

SF LU =F LX

N4=30
NX=N
CALL INDTDL
NXI=N&X-1

IF (S1LUX.LZ. 0.0) 30 TO 26
ITT=4.0/ (SFLUX* 1000. 0)
IF (DT.Li..TTl) G;o TO 5
N4T=D'/TVIO. 10

5 CC.JTINIJF
AL,,XA=DT/ (2. 0*DZ *DZ)
LE-;A=DIDZ

CALL '%LFUP
IF(CuNl.z.(SFL'JA/ifl GO To 15

6 1: (1) =A(1) tO
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CALL WPHOP
IF (CON 1.Ll. (SFLaz/2)) GO TO 6
IF (H (1).GT.O.0) H (1) O.O
H(1)=H(l)-60.O

XL=1000. 0
DE Li 2 .0

7 COATINUE
ILZ=30
Do 2 IK=1,ILZ
CALL WATER
CALL AMONIA
CALL ±dITriAT
k(1) =d(1) +DELB

25 CONTINUJE

TIlE=TI1f+DT*IL,
CALL INDTrDZ

C
15 CON'rrNUS

DT=D' 4 2. 0
* ALfPHA~lT/ (2. O*DZ*DZ)

bFTA=L-T/D7
XI=TINF-rIME
xl'=x1/5
IL=X't/DTL+0.0 10
00 30 IZFT=l,5
D0 17 I=1.NX

17 AA (I) =i.DIST (1) *CCN (1)
CALL QSF(DZ,AA,R,NX)

Do 10 II=1,IL
A0J=DZ* (1.0-SFLUX/CoN41)
ii (1) =fl (2) -AoJ
CALL hATM0
CALL A'ICNiA
CALL NIT,-AT

10 CCNTINL'E
TIlZ =1T. ?i +IL~* OT
CALL INDIDZ

30 LCNTINIOE
KK=:"IME.0 50

IF(J.hQ.0) LALL OUIPJT
SFLU X0. 0
J46.0+TLCc* (IJKL-1)

53 IF((TN-TINF).GT.1.O) GO TO 54

GC TO 3
54 LL= (TN-T'1F.) /Dl +0. 010

07= (T:1-7 ME) /TAI

Dc 31 1=1,NX

CALL ?SiFDZ,AAi{,NX)
XL=r iNX)
D( ') i i1 LI pL
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fiDJ=DZ* 11.0-SPL~iI/CO~l)
H (1) =H (2) -ADJ
CALL WATERl
CALL AMONIA
CALL NITbAT

52 CONTINUE
TIMB=713~EtIL*DT
CALL INI2TDZ
KK=TINE+0. 050
J=KK-NI(K* (KK/NKK)
11 (J. EQ. 0) CALL OUTPUT

C

26 CONTINUE
C

DT= 137*2
IF(DT.,;T.0.05G.AND.DT.LT.0.IO) DT=O.1O
ALP.fl&=UT/ (2.0o*Dz)
13 TA = 7/02
IL=6.GC/DT+.010~
07=6. C/IL

DO 34 11I,NX
34 AA (1) HD1SI (1) *CON (1)

CALL CSF (DZ,AA,B,NX)
IL=Rl(NX)
i)C 36 Ii=1,jL
ACJ=0,Z*0(.3-5FLUX/CUNI)
H (1) =f2) -ADJ
CALL )WATkd
CALL AMUNIA
LALL NlIAT

3b CONTINUE
TI IE =T IM..I L* DT

KK=TIME+0. 350

IF(J.EQ.C) CALL CUTPUT
C

DT=2*DT
IF(D-Z.LT.O.050.AND.DLi.L7.O.10) DT=O.1O
IF(DT.G;T.G.I9G.At4D.DT.LT.0.40) DT=O.250

ALPIIA=DTt2.G*LZ*C~Z)
iVEZA=C1/DZ

C
TIM~z=7IE-TcCC*(LJKL-I)

DO 40 LZZ=1,IZEFT
lL=6.00/rr!.o.0I0
YT=b.C/IL
DO IS I=1,NX

id AA (1)=.DIST (1)*CON (1)
CALL ,SP(D7.,AA,IH,NX)
XL=5 (NX)
DO 35 I±1.IlL
AD3.1Dk*0(.0-SfLUX/CUN1)
Hi (1) ail (2) -AJJ
CALL 6ATE3
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CALL AMONIA
CALL NITRAT

35 CONTINUE
TIME=TlfE+IL*DT
KK=TIME+O.o050
J=KK-,INK*(KK/NKK)
IE(J.EQ.O) CALL OUTPUT
DT=2*DT
IF(DT.GT.2.O) DI=2.O
ALPHA=DT/(2*rZ*DZ)
BETA=CI/DZ

40 CONTINUE
C IF ANY CdANGES IN INPUT DATA ( ESPECIALLY THE BOUNDARY CONDITIONS)
C ARE RECUIRED IN THE CYCLE, THE INPUTS SHOULD BE ENTERED HERE
C FOR EXAMPLE NEW FLrX, EVAPOTBANSPIhATION RATE, DURATION OF WASTE
C WATER APPLICATION, CYCLE DURATION, CONCENTEATIO4 OF NH4-N, AND
C N03-N MAY 3E ENTERED AS FOLLOWS.
C READ(5,100) SFLUX, ET,TINF,TCYC,CSNH14,CSNO3
C P.S. RAI1tALL EVENTS CAJ BE TREATED AS A CYCLE EY ENTERING ZERO
L VALUES FOR APPLIED NH4-N AND N03-N AS WELL AS PROVIDING THE PROPER
C INPUTS FOR FLUX (INTENSITY) DURATION OF RAINFALL AS WELL AS THE
c iOTAL TIME bLEORE THE NEh WASTE WATER APPLICATION BEGINS (TCYC)
C WARNING:
C IF TtE ABOVE IS DESIRABLE THEN NEW DATA FOR EACH
C SU6SEqUENT CYCLE MUST BE FROVIDED
)99 CONTINUE

C
STOP
END
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C C
C I N I I A L D I S T R I B U T I O N P ECG 9 A M
C C
C TilIS SUBEROJIINE UIILIZES THE INITIAL INPUT DISTRIDUTIONS ,I.E. C
C INITIAL CCNDITIONS, AT ANY NUMBER OF SOIL DEPTHS I THE SOIL, C
C IN ORCEUI TO CALCULATE THE PRESSURE HEAD, WATER CONTENT, NH4-N C
C AND N03-3 CONCENTRATION DISTRICUBIONS AT INCREMENTAL DISTANCES DZ C
C (C.1) FOR THE ENTIRE SOIL PhOFILE. IN THIS PROGRAM C
C THE CNLCULATICNS ARE CARBIED OUT USING LINEAR INTESIOLATLON C
C USING ThE INPUT DATA POINTS. C
C 11PORTANT: C
C IN TilLS rROGAEN IT IS NOT NECESSARY TO PECYIDE INITIAL C
C 4ATER CONTENT DISTRIBUTIONS CORRLSPONDING TO TdE SOIL C
C SUCTION FOR THE VARIOUS SCIL DEPTH (IN INPUr DATA ). C
C CONVERSION FiNfl SUCTION OR PRESSUEE HEAD TO WATER CONTENT C
C IS CARRIED 007 IN SUPROUTINE WPBOP HOWEVER, THE USER C
C AUST PRIVIDE SOIL VALUE(ZERO IS RECOIENCED) FOR ALL C
L INPUT DATA PUIJTS C
C C
c A R N I N G

L I? IJPUT D.ATA FOIR iE SS3RE HEADS, Nd4-4, ETC. ARE NOT PROVIDED C
C FOii TitE SA.E SCIL LOCATIONS (DFPTIiS) THE USER MUST USE C
C SIJd3CUIINE IDIS12 C
C

C C
SUSHOUIINE IDI3T
CC'iCA/L1/ C 1310) ,Y (31G)
CCMMNON/LJ/ N, NM1,h,42,NP 1,NF2
CO.AlCCN/L4/ ALP11A,fiETA, 7I,D?
CO.ICN/Ll/ XXX(30) ,C1(30),C2(30),C3(30),C4(30),NIN

LOil'ON/L1O/ t (310) ,CCN (310) ,CAP(3 10) ,T1 (310)
COAMON/Lll/ CL,CLI,CL2,L1,L2

1.)0 FOn2'AI (HE 13.4)

A--DZo I - 1)

5 IF(A.TF.XXX(i1 )) GO To 10

GO TO 3
10 it (;) =C 1(1) +jA- KAX (1))* (ClI I1) -C1 (1))/(1X X(I +l1)- X A1(1))

I J (K) =C2 (I) + (A-XXX (1))* ((C2 (1+1)-C2 (I))/ (XXX (I+I) -XXX (I)))

C (4) =C3 (1)+ (A-XXX (I) )(* ((13(+1) -C3 (I))/ (XX(X (I+1) -XX1 (I))
Y (K) =C -1(1) + (A - XX X ()) (C4(1 +1) -C 4(1))/(X X X(I+I1) -X X X(1))

20 C014TINJE
IE T!J 3; 0

30



sp

C 
c

CI I A L D I S T R IB U T I 0 N P N C G .A NO. 2 C

C 
C

C
C THIS SUBROUTINE IS SIMILAR 70 SUBROUTINE IDIST FXCEPT THAT C

C IT ALLOWS THE CALCULATION OF INITIAL DISTRIUTION bEGARDLESS Of C

C LOCATIONS (SOIL DEPTHS) AT WHICH MEASUREMENTS ARE PROVIDED. C

C THEREFORE, THIS SUBROUTINE MUST BE USED IF INITIAL DISTRIBUTIONS C

C OF ALL VARIABLES ( PRESSURE HEAD, NH4-N, ETC.) ARE NOT AVAILABLE AT C

C CC3MON SOIL DEPTHS. 
C

C IMPORTANT: 
C

C EACH VARIABLE IS TREATED SEPEhATLY. IN ADDITICN THE C

C NUlDEB OF DATA POINTS, LOCATIONS AND VALUES OF EACH C

C VARIABLE MUST BE SUPPLIED IN THE MAIN PROGRAM. C

C 
C

c

SUBROUTINE IDIST2
COAMON/L2/ AA(310),B3(310),CC(310),i(310),LDIST(310)
COAMON/Li/ NNM1,N 2,NPI,NP2

COMMON/L4/ ALPHABETADI,DZ
COMMCN/Ld/ XXX (30),CI (30),C2(30) ,C3 (30),C4 (30) *NIN

1=1
DC 2C K=1,NPI
A=DZ* (N-l)

5 IF(A.LE.XXA(11)) GO To 10

.1=1+1
GO TO 5

10 1,(K)=Cl1I)+(A-XXX(I))*((CllI 1)-Cl(I))/(XXx(I+I)-XXX(I)))
20 CONTINUE

5ETUpN
END

C C
C F U 0 T D I S T h I R U T I C N P R 0 G R A M C

C C
C ThIS SIJDUOUTIN5 PEOVIDtS TNE ROOT DISTRINUTION IN 7.,E SOIL PROFILE. C

IiTIS 2OO1 DIST RIUTiGN CAN BE EXPEESSED AS A FPJNCICN OF TIMr AS C
L hELL AS SOiL DEPTH IN TilE PROEILE. C

C THIS iAY ~ ~rEOVIDEJ AS A IAT!IEIATICAL EXPRESSION. C

C IN TAE EXAMPLL BELOh AN EXPONENTIAL DSCAY FUNCTION CF ROOT LENGTH C

C wIT1I SOIL DLE-ii IS USED EON ALL TilelS. C

L IMPURTANT: C

c ?oA OI: 1'VI" N IS aXPRESSED IN TEiMS CF TOTAL ROOT C
C LENCGf/, p.N UNIT i3ULK VCIUIE CF SOIL. C
******************** ********************************************************C*

SUbEUUTINL OCS
C01MON/L,2/ AA (31i) ,i(310) ,CC(310) ,.t(3 I0) ,RDIST (310)
CCM'lCN/L-i/ .4, 1,N 2,NEI,NP2

COi'M:CN/L4/ ALPHA, iE-A, rT,CZ
COM'CN/L5/ NX,NX1, hpmX,CN1
COMMCN/T j/ TIH,!TN,TCYC

L MAIiIATICAL EXPVESSICN OF 30OT LENGTH AS A FUI'CTICN
C OF SOIL DEPiiZ

DO 5 I=1,N
Zz (-1)*x

5 DIS r (I) =22t6. C*EXP (-.0. IU9*z)

It X-- j

10 CT P CI ST (NA) /,"I ST (1)
IF(CI.LT.0.01C) GO ]C 15

GO TO 10
15 Nxl=NX-1

N "-AX=Z*X
iETUIN 31
L N'



C C
C PFE C G S A M F 0 R A D J U S T I N G Z O N E C
C C
C O F I N F IL T R AT I 0 N C
C C

c
C THIS SU3ROUTINE MAY BE USED ONLY IF THE WATER FLUI IN THE SOIL C
c EVOFILE IS EXTREMELY SMALL. IN SUCH A CASE IT IS REASONABLE TO C
C 6E MAINLY CLNCEhNED iITH THE TOP PORTCON OF THE SOIL PROFILE DURING C
C THE INITIAL STAFS OF WASTE WATER APPLICATION OR RAINFALL. C
C SUCH AN ASSUMFTION IS APPLICABLE IF WATER REDISTRIBUTION CONTINUES C
C FOL SEVERAL DAYS WITi NO NEW WASTE WATER APPLICATICN OR RAINFALL. C
C IN THIS PROGBAM AN INITIAL LENGTH OF 30 CM IS ASSUMED (N = 30). C
C THIS LENGTH IS AUTOMATICALLY INCREASED DURING WASTE WATER APPLICATION. C
C AT THE TLRMiNATION OF INFITbATION TdE TOTAL LENGTH OF THE PROFILE IS C
C INCChFCbATED. C
C IMPORTANT: C
C THE USE CF SUCH A SUJROUTINE IS NOT NESESSARY. C
C .7OWEVEP IT SAVES A CONSIDERAVL2 AMOUNT CF CONPUETER TIME C
C DULING SIMULATlON OF INFILTRATION WHIEN LT IS SMALLEST C
C iF THIS FEATURE IS NOT DESIRABLE THE USER MAY IGNORE C
CIT iY REPLACING N = 30 BY N=CL/DZ+O.01 IN THE MAIN C
c ERCGLAM AND DELETIN$ ALL CALL INDTDZ STATEMENTS C

C

SUbhiCUTIIE INDTDZ
CCIMON/L3/ N,N1,NM2,NF1,NP2
COMMCN/L4/ ALPaA,6ETA,DTDZ
CO'MON/L5/ blNhxlNRM&h(,CON1
COKMCN/L9/ 7IME,'INFTCyC
CCIMCN/Lll/ CL,CLI,CLz,L1,L2
N=1+10
IF (TIME.J . N) N=CL/r)7+0.IO

NM 1 N-1
N12N2!
NE|=N+I

thX=NX+Iu

Fi~ NJ
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C C
C W A T F F LC W P ROG RA M C
C C

C
C THIS SUBROUTINE PROVIEES THE SOLUTION FOR THlE WATED FLOW EQUATICN C
C FCXI A IOMOGINEOUS OR c
C FOR A LAYERED SOIL PROFILE C
C %HE METHOD OF SOLUTICN IS BASED ON FINITE DIFFERENCE APPROXIMATION C
C ( SEE TEXT ) C

C THE BOTTCM BCUNDAHlY CONDITION IS INCORPORATED IN THE SOLUTION C
C. AND IS APPLICABLE FOR A WATER TABLE BOUNLARY 0Oh A SEMI - INFINITE
C (I.E. DEEP) SCIL PEOFILE C
C THE SURlFACE BOUNDARY CCNDITION (FLUX BOUNDAR.Y CONDITION )IS C
C PROVICED FROM MAIN PROGEAM. C
L C

C

SUz3IOUIINE WAIEfl

C0 NCN/L2/ AA(31O),HL,(310),CC(3l0),R(310),ROI3T(31O)

C~l4UNL7/ SFLUX,ET,,. MK,CSNH4,CSN03,DISP,XL
COMN/8 XXX (30) ,C (3O) ,C2 (3O) C3 (30),C14(30)
COMMON/L9/ IIME,TINF,TCYC

CCMMtCN/Lll/ CLCL1,CL2,Ll,L2
COAMIt~L12/ ACiDOCi ,AT1.Ell
CO~ll0N/Ll3/ AL-2,d3C2,AT210'T2
COMM~ON/L14/ AC3,bC3,ATa,ET3
COMMCN/L15/ liOU1,l fS1, OU2,TH52,P0iJ3,TIIS3
CO1'IOd/L16/ FEX1,RNIT1,RDN121
CCMMION/Ll7/ R!SX2,VNIT2,ilDNIT2
COMICN/Lld/ RB.;13,BENI13,RDNXT3
CALL WPEiCP

C
DC 1 .1=1,N M 1
AA (I) =CAP (I + 1) *ALPIIA* (CON~ (1+ 1) *COA (1)
5U (1) = AL FdA*CC N (1+ 1)
LC()=- AL-dA *CC N (1+ 1)

1 CCoT~'IUE
DC 2 I'1,NlI1

X2=ALPHiA*CC~i (1) *jj (1) - ALPiA*fl (1+ 1) *(CON (1+ 1) +CON (I)
X 3 =ALEdA *CUN (I + 1) *.(1.+2)
X4z- FETA* (CO:UN (I + 1) -CrN (1))

2 L0,4 1 IIJ E

(A. (1) b() 1 -rill*.c: (NM1) *A (1)

,(.P1) = 1 *.: N91)i (N (1) +A (NP)

V (1) ~Y (1) $7, *T I iT d (1) +*X5)
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C C
C C II-W A T ER F h0P ER T IE S P RCG HA M C
C C

C C
C THIS SUbROUTINE PROVIDES 7aL SOIL-WATER PROPERTIES FOP EACH SOIL C
C LAYER~ IN THE SCIL PROFILE NAMELY IHE HDRAULIC CONDUCTIVITY AS C
C A FUN4CTIGN OF WATER CONTENT OR SUCTION AND THE WATER CONTENT - SUCTION C
C RELAZICNSIIP. FROM THE LATIEN, THE WATER CAPACITY TERM IS CALULATED C
C IN TdIS LXAMPLE MATHEMATICAL EXPRESSIONS ARE USED TC DESCRIB3E THESE C
C SOIL WATER FECPERTIES FOF INDIVIDUAL SOIL LAYERS (SEE TEXT ).C

C
SUI3HCUTINE wubop
CO541CN/LZ/ AA(3lO),BJ(310),CC(310),Ei(JlO),RDIST(31C)
CCJ 10,CN/L 3/ N,NMl,NM2,NE1,NP2
CO1'1ON/L5/ NX,NX1,NRMAX,CON1
C6XI.4.N/L1O/ ii JlC) ,CCN (311) ,CAP (310) ,.H (310)
CC4 MQN/L1 1/ CL,CL1,CL2 ,L1,L2
COM40ON/LI2/ AI, ECI,AT1,BT1
COMMCN/Llj/ AC2,3Ci,A12,BT2
CC'IMCN/Li4/ ACJ,Bc3,AT3,BT3
COA1CN/L,15/ VU,THS1,IOU2,THS2,RCUJ, rIls3
DO 90 11l,Ll
R (I) =H (I)

*IF (F (I) . (T. 0. 0) H (I) =0.0
A X=IS *(1.0+ (-3(1)/A' 1))*(-2)
CAc(T)TXX/ATI

CON (I)=ACl*EXP (PC I* (ld (1) *TH (1+.1) )/2)
90 CONTINUE

I'L1
Coll (I) SAC I *Lip (kLC1*TH (I))
LI=L 1+2
DO 12 J=LI,L2

IF (Ri (1) (I)=O

XX=T 134'* (1.0+ (-Fi (I) /Al) k * -2)
LAP (1) =XX/AT2
Til (.1) =Tf1P2,' (1 . 0 (-B (I) /AI2)
CC,. (I) 1 2*icXF (i5C2* (".11 (1) +THi (!+11) /2)

92 CCNTi:JUF'

* 1"L2
CON (I) =AC2* .Xi (iC2*T~I (I))

C
I=.P
F (1) =fi (1)
IF (R (I) . ;,i U. 0) H (I) =0.0
XX=Ti!S3* (1. + (-V (1) /47.1) ) (-2)
LAP (i) =XX/Al j

CC,4 (i) =AC3*_'XF (2L3*ld (1)
C

Ll. L2
DC J 3 I=LII,N
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IF (R () GT.O.Oj R (1) 0. 0
TH (I) =TBS3/ (I .Of (-R (1)/AT 3)
CAP (I) 211/AT 3
1I=TihS3* (1.0Of (-R (1) /AT3))* (-2)
CON (I)-AC3*EXP (3C3* (TN (I) .Td(Is1))/2)

93 CONTINUE

TH (1) a(T (1- 1) TH (I +1))J/2

CAP (1) -(CAP I - CAP(I*1))/2
I=L2*1

CON (1) =(CON (1- 1) +CON (I+.1))/12
CAP (1)2(CAP (I-I) .CAP (11) )/2

C
CO.41=ACl*EXP (DC 1TH (1))
RETURN
END

C C
C N 1 7RI fI cAI Ic N R A TE P RC GRA M C

C

C C
C THIS FUbCTION SUBERCGI4AM EROVIDES THiE RATE COEFFICIENT FOR C
C NITR1NICAION AS A FUNCrION OF SCIL WATER SUCTION FUR C
C INDIFIDUAL SOIL LAYEitS (SEE TEXT ). THlE USER MIAY INCORPORATE OTHER C
C VAR1IABLES, 1. E. TIMEz, SOIL DEPTH, ITC., AS DESIREE. C
C 5*5555 *******************..**********
C

EUNCTION L ZilI,dii.IC)
CC!IMON/L4/ ALFHA,LEIA,C1,DZ
COrn!CN/L9/ TIME,IINF,TCYC
C04MNON/Lll/ CL,CL1,CL2,L1,L2
CCAiMCN,L16/ IiEX1,RNIT1,BI2NIT1
COMMCN/L.17/ iiEr2,hYIT2,SDN1T2
COI-ON/LIO/ t.EX3,itNITJ,RDNIT3

* ZZ1=0.0

IF(IJJ .GT.15000) SETURN
Z=M*D2

IF (Z.GT. CL1) GO TO 10
RK 1=RhIT 1
GOZW7Cl TO TO5

5 CCN'IINtJE
RK1=DKIT2
GO TC IS

10 CC*41Ilik
WK=TINI'r3

15 CCITINUE
R:UIF (Wi.G~I. 10.0) GO TO 1

2 IF (hk.;T.13.) GO TO 2
ZZ 1=RK 1* (0. 2lC00.(W0.053.003

3 IF (loi.GT.133.0) GO -0 3
.Zl1iigl* (0.5C0* (Wii-1i).) *.0010)

4 Z7 l=PK 1'(l. ,0C- (W'i-j-3.0) *3.JC023)
IF (Jd.GI. 1300.0) Z'I~rF1* (0.950-0.350*Wli/1000.0)
t% E "11" N
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C C
c D E KITSI F IC AT 1 0N R AT E P fO0GRBA M C
c C

c C
*C THIS FUNCTION SUBPEOGSAN PROVIDES THE RATE COEFFICIENT FOR C

C DENITFIFICATION AS A FUNCTION OF SOIL WATER CONTENT FOR C
C INDIFIDUAL SOIL LAYERtS (SEE TEXT ). THE USSR MAY INCORPORATE OTHER C
c VARIA8LES, 1. E. TIME, SOIL DEPTH, ETC., AS DESIRE. C

c
FUNCTION ZZ2(NmiH,'dC)

'1COMMON/L4/ ALPHA,BETA,DT,DZ
COMMON/L9/ 1111E,TINF,TCYC
COMMON/Lll/ CL,CL1,CL2,L1,L2
CCMMCN/L1S/ ECUl1,TUS1,HOU2,THS2,BOU3,THS3
CCMMON/Ll6/ REX1,fiNIT1,RDNIT1
CCMMNON/L17/ REX2,RNIT2,BDNIT2
CCINON/LlB/ REX3,RNT73,BLNIT3
ZZ2= 0.0

ZI*ZD2C2 C O1
IF (Z.GT.CL2) GO TO 50

BK2=RVIN 1
SS AT =1 taS

GO TO 15
5 fiK2=RDIN2

WS AT =111 52
GO TC 15

10 RK2=HDlN3
M SAT=I US3

15 CCITINUE
IF((WIC/kSAT) .LT.0.8O) G~ETUBN
LZ2=RiN2* (WC-0.80*WSATJ/(0.1*dSAT)
IF(WC.GE. (0.90*WSAT)) 2Z2=RK2
RETUjIN
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CI

C C
C A M 0N IUNH E XC hA NG E P kOG RA M
C C

C ISIS FUNCTION SUB~hOGBAN PROVIDES THE RETARDATION FACTOR C

C FOR AMMfONIUM EXCHANGE, WHERE R IS A FUNCTION OF SOIL WATER CONTENT AND C

C BULK DENSITY OF INDI VIDUAL SOIL LAYERS. C

C FUNCTION ZZ3 (N.HH,WC)C

CO!INON/L4/ AL&PHABIIA,DTD2
CO'INON/L9/ IINETINF,TCYC
COMMON/L11/ CL,CLI,CL2*LI,L2
COMMNON/L15/ RCUI,TH~l*ROU2,THS2,EtoU3,THS34I CCMPION/L16/ MEXlRZIlTlBDNIT1
COMMON/L17/ RE12,RNIT2,RDNIT2
COAMC~N/LlS/ REX3,RNI13,RDNIT3

IF(Z.GT.CL2) GO TO 10
Ik(Z.GT.CI1) GO TO 5
ZZ3=1 .0+REXI*Bcal/iC
oErUJRN

5 zkZ3=1.0+REX2*bOU2/4C
RETURN

10 ZZ3=1.0+REX3*iO3/ViC
ItEl R N
END)
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C A fthONI U M T RA 5S F0 21 6 T 2AN9S 1C0R NOT 1ONVS C
C C
C P R C G ANM C
C C

C C
C THIS SUB30OUTINE PROVIDES THE SOLUTICK T0 [THE AMMNUM TBANSPCR[ C
C AND TRANSFORMATION EQ~UATION UNDER TRANSIENT FLOW CCIDITIONS. C
C 17 ALSO CALCULATES THE AMMONIUM UPTAKE DY PLANT ROCTS. THlE C
C METHOD OF SOLUTION IS THE FINITE DIFFEkENCE APPROXIMATION METHOD. C
C ( SEE TIXI ). C
C Tfin RATE OF MITRI7ICTION , DENITRIFICATION AND THE DISTRIBUTION C
C COEFFICIENT EGO NH4-N tXCHANGE ARE OBTAINED FROM FUNCTIONS C
C ZZ1, ZZ2, AMC ZZi , £ESEECTIVELY. C

SUBROUTINE AMCNIA
C NH1-4 PRGEAM

CONNCN/L2/ AA(310),BB(310) ,CC (310),R(310),RDIST(310)
CC4RON/L3/ i,Nft,NRiNE1.P2
CCICN/L4/ ALPIIA,BETA,DT,DZ
CO.ION/L5/ NX,bXl,NkMtAX,CON1
CGMNON/L6/ ELNl14,PLNC3,CN1THF
CONNMON/L7/ SILUX,Er,('N9QKCSNH4,CSNO]1DISP.XL
CO.IN/L'/ 7IME,TIP,TCYC
CCRNMON/LIO/ i(31O),CON(310),CAP(310),Id(3101
CCNMCN/Lil/ CL.CLI,CL2,L1,L2
CCMIN'1/L15/ EFO1,HS,RO2l52,R~lh33THS3
cClMCN/L16/ iEX1,PNIT1,RDMIT1
CCIXON/LJ7/ IiEX2,RNlT2.3DNIT2
CC'!mCt/L18/ LEA3,04173,flDNIT3
M= 1
a FLX=-.ON IM) * iiiN ) i (M) )/DZ.CON (M)

fFvDZ*2. 0
C (1) (SSLNF*F*CSldIl4.,ISP*TH (1) *C (J)/2)/ (SSINF*FF.DISP*THII()/2I
IF(SFLUX.LF.C.0) GO IC 13
M=2
VPP=-CON I N) * (H (N. 1) -H (M)) /DZ+C04 (1N)

C
vC 5 I=1,idI1

AA (1) 2b1K2. *ALEIIA*UISP-kEIA*V?'P/,H (N4)

CC (I) z=Lj4A*L/Ti(M-LSi*L

RA (N1) iKK h.LA*DISP* C(11-.O 1 C(11

F (1) mb (1) aAT~ri AI*C (1)

M=132



11-0.0
DO 6 1.1.531
PNUQII*IDIST (1*1) *C(I*1)/(QK*C (I$1) *.1(1*1))
1=11*DT*PN

GO TO 14~

13 CONTINUE
C (1)=C (2)
Hm2
VPP=-CON (U) *(5(31) -H(3)) /DZ.CON (N)
DO 11 1=1,981
RXKKZZ.3(U. (U) ,TH (N))
AA (I) zDK2.O*ALPUA*DISP-DETA*VPP/TH (U)
ID CX) 83T1'VPP/TH (U)-ALPHI*DISP
1(1) uUKE*C (N) *ALPHA*DISP* (C (fl)-2. O*C (U) C (3-1))
RKIZ!1 (NH (N) ,TH (M))
R (I)=2 (I)-DT*DK1*C (H)
Km1+2
VPP=-CON (3) *(H (3.1)-H(S)) /DZ*COU (B)
CC (I) -ALPHA*DISP

11 CONTINUE
3*1
EKE=ZZ3 (8,H (31) ,TH (H))
AA(NN1)=RE1.ALIIIA*DISP
5-2
VPP=-COI (N)* (H (1.1) -H(3))/DZ#CON (U)
EKK=ZZ3 (N.H (M),TH (3))
AA(1) =KKGALEHA*DSP-BRTA*TPP/TH (N)

C

DO 7 11I,Nl1
PN=QN*BDIS! (1.1) *C(1.1)/ (QK.C (1.1).! (1.1))
11=I1+DT*PN

7 a (I)= () -DT*PN/TH (1+1)
FLNH'a=PLN8q+1K1*DZ

141 CONTINUE
CALL TRDI(AADD.CC,D,NM1)
DO 15 1=2,N

15 C (1)=a (1-1)
C(NP)=C(N)
RETURN
END
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C

C C
C I ITR9A TE T 8A N S PORT T T AN9S PORNO TI1O0S C
C C
C PRO 0G RA M C
C C

C C
C THIS SUBROUTINE PROVIDES THE SOLUTION TO THE NITRATE TRANSPORT C
C AND TRANSFORMATION EQUATION UNDER TRANSIENT FLOW CONDITIONS. C
C IT ALSO CALCULATES THE NITRATE UPTAKE BY PLANT ROOTS. TEE C
C METHOD OF SOLUTION IS THE FINITE DIFFERENCE APPROXIMATION METHOD. C
C ( SEE TEXT ). C
C THE RATE OF NITRIFICATION , DENITRIFICATION AND THE DISTRIBUTION C
L COEFFICIENT FOR NH'4-N EXCHANGE ARE OBTAINED IRON FUNCTIONS C
C ZZI, ZZ2, AND ZZ3 , RESPECTIVELY. C

C
SUBROUTINE NITBA!

*1C N03- EROGRAN
COMMON/L1/ C4310),Y(310)
COMMON/L2/ &A (310) 88B(310) ,CC (310) R3(310) .RDIST(310)
COMMON/L3/ N,NflI,Nfl2,NE1,NP2
COMMON/L4/ ALPHA,BEIA,DT,DZ
COMRON/L5/ NXUX1UURUAXCON1
CONION/L6/ FLNH4,PLNO3,DNITRF
COMMON/L7/ SFLUX, ET,QN*QK,CSNNI4,CSNO3,DISPXL
COMMON/L9/ TIRE,TINF,TCYC
CO-IMON/LIO/ H(310),CON(310),CAP(310),TI(310)
COR'MON/L11/ CL,CLICL2,LlL2
COMMON/L15/ BOU1,TNS1,R0U2,THS2,ROU3,THS3
COMMON/L16/ PEX1,RNIT1,RDWIT1
CORRON/L18/ REX3,RNIT3,RDNIT3
N8=1
WFLI=-CON 5) *(N (M11-H (N) )/DZ*CON (N)
SSI N F UFLX
FF=DZ*2.O
Y(1)=ISSINF*FF*CSNO3.DISP*TH(1)*Y(3)/2)/(SSIIF*PF.DISP*TH(1)/2)
IF(SFLTJX.LE.O.0) GO TC 13
11=2
VPP=-CCN (M) * (H (11*1)-H (Nl) )/DZ*CON (M)

X2=0.0
C

DO 5 11I,NB1
LA (I) =1.0*2.O*ALPHA*DISP-BEIA*VPP/TH (H)
RH (I)=8ETA*VPP/TH (N)-ALPHA*DlSP
it(1) =1 (M) +ALPHA* DISP* (Y (M+ 1) -2.0*Y (N1) +Y (M-1))
RK I=Z21 (5,11(M),TH (N))
B12=ZZ2(M,H(M) ,TH(N))
R (I) 2(I) *DT*RI(1*C (N)-DT*3K2*! (N)
12=X2+DI*B12*TH (1) O! (I)
M*1.2
VPP-CON4N)* (N(5*1)-H (N))/DZ*COU (N)
CC(1) =-ALPHA*D;ISP

5 CONTINUE
DNITRF=DNdITBF*X2*DZ

40



AL (NUI)I.OALNA*DISP
3 (1) -2 1) *ALPUA*DISPSY (1)

C
11-0.0
DO 6 I=1,NI
PN=QNSERDIST (1.1) * (I* I)/ (QK+C (1*1) +141+1))
1111*+DT'PN

6 2 (1) =3 (1) -DT*FN/IH (1*1)
PLNO,3-LN03,l 1*DZ
GO TO 14i

C
13 CONTINUE

1-2
VPP=-CON (N) *(H(NI 1)-H (N) )/DZ*CON(N)

C

DO 11 11I,Nn1
AA(1)=1.0.2. 0*LHA*DISP-BETA*VPP/TH (N)
Di (I) =B7A*VPP/THI(N) -ALHAL*DISP
B(I) =Y (N) tLLPHA*DISF* (Y (+I1)-2.0* (N) .Y (N1))
BKl=ZZl (fl.H(N) TH (N) )
1tK2=ZZ2 (NUH () ,TH (N))
B (I) =8(I) .DT*BK 1*C (N)-D1*1tK2*T (N)
12=X2.DT*BK2*rH (I)*YT(I)
N 1.2
TFP=-CON (N) *(H (NI1) -H (N)) /DCON (N)
CC (I)=-ALPHA*CISP

11 CONTINUE
DNITBF=DNITBP.12*DZ
HNN
AA NN1)zl.0*ALPHA*DISP
9=2
VPP--CON(N) * H (N. 1)-a(N) )/DZ*CON (N)
LA (1)=1.0.LLPHA*DISP-ETA*TPP/TH (N)

C
11=0.0
DO 7 1=1,911
PN=QN*BDILST(I.1)*Y(1.1)/(QK.C(I*1).Y(I.1))
I1=XlDT*EU

7 R (I) =B ()-DT*FN/TH (1+1)
PLNO3=PLNO3.Z 1*DZ

14e CONTINUE
CALL TRIDN(AABbCC.U,NNI)
DO 15 1=2,N

15 T (1)B-(1- 1)
I (Npl1) 1(N)

END
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C C
C P1 0 G aAM OUT P UT C
C C

C C
C THE FUNCTION OF THIS PROGRAM ID TO PRINT THE RESULTS FROM C
C MODEL PREDICTION AT SPECIFIED TIMES. IN ADDITION IT CALCULATES C
C THE TOTAL AMOUNTS OF NITROGEN IN THE SOIL SYSTEM AND THAT TAKEN C
C UP BY THE PLANTS C

SUBROUTINE OUTPUT
COMMON/Li, C(310),1(310)S..CONNON/L2/ AA(310),DB(310),CC(310).R(310),RDIST(310)
COMMOU/L3/ N,NM1,Na2,Ni1,NP2
COMMON/L4/ ALPHA,BITA,DT,DZ
COMHON/LS/ NX,N11,"NAX,COm1
COMMON/L6/ PLNHf4,PLNO3,DNITRF
COMMON/iL7 SFLUZUET,QMCK,CSNH4,CSNO3,DISPUIL
COMNON/LB/ X11(30).Ci (30) ,C2 (30) ,C3 (30) .CI(30)

4 COMMON/L9/ TIME,TIIN,TCYC
COMMON/L1O/ H(310),CON(310),CAP(310),TH(310)
COMMON/Lu,/ CL,CL1,CL2,LI,L2
COMMON/LI5/ BOU,THS1,ROU2,THS2,ROU3,THS3
CORMN/L16/ REX1,RNIT1,BCNIT1
COMMON/L17/ REX2,RNIT2,RDNIT2
COMMON/L18/ REI3,RNIT3,RDNIT3

100 FORMAI('1')
200 FORMAT('1',40X.'TIME , DRYS =',FIO.2/)
299 FORMAT(T1O,1SOIL DEPTH',

ST25,'PRESSUR! HEAD',
ST4 .a 'SOIL-WATER CONTENT',
*T65, 'RATER FLON',
$T80, 'AMMONIUM CONCENTRATION',
ST137, 'NITRATE CONCENTRATION')

301 FOHMAT(T1I&,'CM',T31, 'CM'.T46,'CM**3/CN**3'.T66,'VELOCITY'.T82,
*'IN SOIL SOLUTION',T109,'IN SOIL SOLUTION*)

302 FORMAT(T68.'CN/HR',T82,'MICROGRAMS-N/ML',Tl09,'MICROGBRAS-N /ML'/)
499 FORMAT (T1O,FS.2,T24,FI0.2,T45,F8.2,T65,F8.L4,T86,F8.3,T112,F8.3)
300 FORMlAT(2c X////,

*25X,'TOTAL NO-3 NITROGEN IN SOIL SOLUTION PHASE , MICROGRAMS -',
SF1O.3//,
*25X,'TOTAL NI-14 NITROGEN IN SOIL SOLUTION PHASE , MICROGRAMS '
SF10. 3//,
*25X,'TOTAL NH-4 NITROGEN IN EXCHiANGEABLE PHASE , MICROGRAMS 'Or

SF10. 3//,
*25X,'TOTAL NH-4 NITROGEN IN THE SOIL PROFILE , MICROGRAMS '

SF10).3//)
600 FOEIMAI(251,'TOTAL NITROGEN DENITRIFIED , MICROGRAMS n',F1O.3//)

500 FORMAT (/,
*251,'TOTAL NITRATE NITROGEN UPTAKE, MICROGRAMS 29,FIO.3//,
*251,'TOTAL AMMONIUM NITROGEN UPTAKE, MICROGRAMS '.,FI0.3//)

MuITE (6, 100)
TIMMaIME/21. 0
WRITE(6,200) IIM
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VRIT! (6,301)
WRITE (6, 302)

DC 20 1=1,311,2
ZZ(il-l) *DZ

VRL1-CON (I) * (11(.)-B () )/DZ.C(I),7I
20 CONTINUE

R=Np1
DO 3C 1=1,M
AA (I) T1 (I) *C (I)

30 BB (1) zTH (1) *Y11)
CALL QSV(DZ.AA,R,N)

CALL QSF(DZ.UD.,Nt)
1103=3 (N)
CALL CSFIDZ,C,It,Np1)

CALL CSFIDZ,C.,L,1)
Xl13(LI)
CALL CSF (DZ,C,8,L2j
X12=B (L2)
12=212-XI
X3=XT-X12
ENH4=X1*OUl *8EX1,X2*BOU2*RE12*X3*iOU3*REX3
XTH 4=XNiI4+ENH14
MUITE 16,300) XN03,lNHI4,ZNH4#,XTNH4
WRITE(6.600) DYIlUF

C
MRITE(6,500) FLN03,PLNH4
RETUBN
END

C
C

C C
C T 91D I AGON ALI M AT7RI X P ROG RA M
C C

C C
C THIS SUBROUTINE PROVIDES SOLUTION TO THlE TRIDIA3CNA. MATRIX -C

C VECTOR EQUATIONS FOB SUBROUTINE WATER, AMONIA, AND NITRAT C
C C

C
SUBROUTINE TBIDM(AB,C,D,N)

DO I1 =2,N

1 CONTINUE
DC 2 1=2,b

2 CONTINUE
D (N) zD (N) /A (N)
DO 3 I~i,N

3 CONTINUE
RlETURN
END
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APPENDIX B: EXAMPLE OF INPUT AND OUTPUT

I L P U T C A I A

INITIAL DT, Hi. = o.C1CaC
INITIAL DZ , CN- 1.COCOO

FLUX dF WASTE WATER~ ArELICATICN, LMI FE C.53u0o
ZVAPO!BANSPIRATI(N DATE, CF/lu C..CiCcO
MIINOGZN MPAKE RATE, MCFGGFMANCP CF ECOI LENGTH PE~i HOUR O.U0130
AICiAEL I S CCUSTANTd = 1.CCCOO
CCHCEIIBAIICN OF APFLI!C NHd4-N * PG1IIRE =25.CO3
CCICENTBAICH OF APELIff NC3-h I~t = 3.0
SOLUTE DISPERSION~ LCEFFLEiT, CMO*2/Hf~ 2. OCJU

TOTAL LENGTH OF SCIt [ECIIE, C? 15U.CCCC%
SCIL DRETH 10 THE fIiRS7 SCIL LAYEF, CMI 15.C0000
SCIL DEPTH '10 T1Hl SELC;,C SC11 LAYEF. C? 45.00^.3

kSCIL VATEF PARA,%5TkRS fCki 7I [XST LAY~r C.9601E-113 Q.27t3E+(;2 0.113jf+')l 3.t330E+o)1
SCIL VATEF PARA.IETERS FG6l hi. SECCNE LAYF. 0.222OE-j5 0.307C-,+02 j.,iYjE~C2 C. 10C10+01
SCIL WATEP F&C~E'TFFS ICF IHE 711Ft LPYEF : C.210Jk-315 0.3887P+02 C. 3h)3tJ+oz 1.1300E401
FIRST LAYER ; :UiK LErNSITY = 1.'41CCC SAIURAhT)GN = 0.44CU
SECCND LATER Euihx rfi.si'y = 1. ccc SATURATIGN = 0.142000
TIRD LAYER e; 13K CEFSI'IY = 1.1 ccc .AIUP.ATION = .311000

FIRST LAIP~: LH4-x' IXCdH'GIA111 ccF'F:IcIEr7 C.43/(O, = 0.2S03Jj
.NIIPIlICATIC: FATE CC~r.,ffh-l U . I001JC

SECCHD LAYEI hfl4-ti E;C lA!JEAEIB CGCHrkiCIENT, CS 1/i!h . ll
NlIvlf1CAt1C' fAllC~E.i- = 0.10001)

TIRlD LAYER~: Nh'i-h EciMAIf Cc>EFlCIENI C13/in = 1. 25.031
NiIIIFICAIjCN FAII C,;EE.,Hr,-l = 0.10.^00
rE'j 11111 ICA'I1(N [-PIE CrEf. , HEi-I 1= u. c 1000

DUSATICN cr WASTE IiA1Er PPFLLA1ICrj * iFS = 1X00GOLJ
SCHEDULE CF WASTL 6A11f AFIL1C.'IICN, 1.F. CYCLI EULAIIUN =163.J0000

L NUMBDER OF CYCLES I

lINE AT *tiICd oUliLUl thl.% 16i UVf~f .. CC

K-

L
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